Introduction
============

Gout is the disease caused by elevated serum uric acid (UA) levels, resulting in the deposition of monosodium urate crystals in the joints and other tissues, which leads to a recurrent inflammatory arthritis and tophi formation.

Gout is the most common cause of inflammatory arthritis in adults, and its prevalence, ranging from 1 to 4% in developed countries, has been increasing in the last decades despite the availability of effective therapies.[@b1-dic-8-212581]--[@b5-dic-8-212581]

Urate levels in the body are maintained by a balance between production and excretion. Excretion of urate occurs primarily in the gut and in the kidneys through a complex process of glomerular filtration, reabsorption, and secretion. Usually, about 90% of the glomerular-filtered urate is reabsorbed into the bloodstream and only 10% is excreted. However, most patients with gout show inefficient renal excretion of urate, leading to hyperuricemia. It is considered that inefficient renal excretion of urate is observed in over 90% of patients with gout.[@b6-dic-8-212581]

Known risk factors for hyperuricemia and gout are diverse: genetic predisposition; male gender; aging; renal impairment; postmenopausal status in females; dietary factors, including alcohol consumption; and the use of a variety of drugs, including diuretics ([Table 1](#t1-dic-8-212581){ref-type="table"}).[@b3-dic-8-212581]--[@b5-dic-8-212581]

As well as the typical arthritis and tophi due to gout, further clinical manifestations are renal manifestations such as urolithiasis and progredient worsening of renal function. Gout is associated with comorbidities such as hypertension, chronic kidney disease, diabetes mellitus, increased risk of suffering cardiovascular disease,[@b7-dic-8-212581],[@b8-dic-8-212581] and increased risk of premature mortality.[@b9-dic-8-212581] If not properly managed, continued elevated serum UA can result in formation of monosodium urate crystals in joints, causing both acute and chronic inflammation.[@b10-dic-8-212581] Therefore, untreated or insufficiently treated gout can lead to chronic manifestation of the disease, such as persistent inflammation, increased number of flares, development of tophi, and structural joint damage.[@b2-dic-8-212581]--[@b6-dic-8-212581],[@b9-dic-8-212581],[@b10-dic-8-212581]

In general, there is evidence-based consensus that the target for serum UA levels is \<6 mg/dL for mild-to-moderate gout and \<5 mg/dL for severe gout.[@b5-dic-8-212581],[@b11-dic-8-212581]--[@b14-dic-8-212581] The European League Against Rheumatism (EULAR) recommends to achieve serum UA levels of \<6 and \<5 mg/dL for severe gout in a recent evidence-based recommendations report for the management of gout.[@b14-dic-8-212581] In Spain, guidelines of the Spanish Society of Rheumatology (SER, *Sociedad Española de Reumatología*) also proposed similar targets for serum UA levels, \<6 mg/dL for gout and probably less for severe gout.[@b13-dic-8-212581]

Typically, a xanthine oxidase inhibitor (XOI), either allopurinol or febuxostat, is recommended as first-line therapy to inhibit urate production. Nonetheless, in clinical studies, only 40% of patients treated with allopurinol 300 mg/day achieved serum UA levels of \<6.0 mg/dL.[@b15-dic-8-212581] With febuxostat 80--240 mg/day, 48--69% of subjects achieved a serum UA level of \<6.0 mg/dL; however, there was still approximately a third of patients entering to clinical trials who did not reach or maintain the serum levels goal.[@b16-dic-8-212581]

The EULAR recommended that if target serum UA levels cannot be achieved with an appropriate dose of a XOI, there is a need for additional treatment options such as XOI switching, changing to a uricosuric, or combining a XOI with a uricosuric drug ([Figure 1](#f1-dic-8-212581){ref-type="fig"}).[@b14-dic-8-212581] Lesinurad combined with a XOI offers a dual mechanism for serum UA lowering by means of a blockade of renal urate reabsorption and a reduction in urate production. Lesinurad, therefore, is a novel uricosuric that covers unmet needs for patients with inadequate response to XOIs.[@b5-dic-8-212581],[@b11-dic-8-212581]--[@b14-dic-8-212581]

The approval of lesinurad for the treatment of hyperuricemia in patients with gout was based on data from three pivotal phase III studies (CLEAR 1, CLEAR 2, and CRYSTAL). These clinical studies evaluated two doses (200 and 400 mg). The 400 mg dose was not submitted to regulatory authorities for approval based on careful considerations of safety and efficacy. Therefore, only the 200 mg concentration was approved by agencies such as the US Food and Drug Administration (FDA) and European Medicines Agency (EMA), so it will be the primary focus of this study.

Pharmacological and clinical properties of lesinurad
====================================================

Mechanism of action
-------------------

Lesinurad is a selective inhibitor of the uric acid transporter URAT1, which is responsible for most reabsorption of urate anion in the renal tubular system. By inhibiting URAT1, lesinurad increases the net UA excretion and reduces serum UA levels. Lesinurad inhibits OAT4 as well, an organic anion transporter involved in luminal urate reabsorption and diuretic-induced hyperuricemia.[@b17-dic-8-212581],[@b18-dic-8-212581]

Pharmacodynamic effects
-----------------------

In healthy volunteers, lesinurad 200 mg reduced serum UA levels and improved renal clearance and fractional excretion of UA. Mean serum UA decreases following lesinurad 200 mg administration alone were approximately 46 and 26% at 6 and 24 hours post dose, respectively.[@b17-dic-8-212581],[@b18-dic-8-212581] When lesinurad 200 mg was combined with a XOI, additional 25 and 19% of serum UA reductions were observed at 6 and 24 hours post dose, respectively.[@b17-dic-8-212581],[@b18-dic-8-212581]

Pharmacokinetic properties
--------------------------

Lesinurad is rapidly absorbed after oral administration. The absolute bioavailability of lesinurad is close to 100%.[@b17-dic-8-212581]--[@b18-dic-8-212581] After the administration of a single oral dose of lesinurad in either the fed or fasted state, maximum plasma concentrations (C~max~) were reached within 1--4 hours. C~max~ and AUC exposures of lesinurad increased proportionally with increasing single oral doses of lesinurad. In clinical trials, lesinurad was administered with food, because the serum UA-lowering effect was improved under fed conditions, and the C~max~ peak slowed.[@b17-dic-8-212581],[@b18-dic-8-212581] It is therefore recommended to take lesinurad in the fed state, after food and fluid intake.[@b17-dic-8-212581],[@b18-dic-8-212581] Lesinurad is highly bound to proteins in plasma, approximately 98%, mostly to albumin. Plasma protein binding is not significantly changed in patients with renal or hepatic impairment.[@b17-dic-8-212581],[@b18-dic-8-212581]

Lesinurad undergoes oxidative metabolism chiefly via cytochrome P450 (CYP) 2C9, with minimal contribution from CYP1A1, CY2C19, and CYP 3A. Metabolites are not known to contribute to the UA-lowering effects of lesinurad.[@b17-dic-8-212581],[@b18-dic-8-212581]

Renal clearance of lesinurad is high (25 mL/minute; 1.5 L/hour), showing that active secretion of lesinurad has an important role in its renal excretion.[@b17-dic-8-212581],[@b18-dic-8-212581] Most of the radioactivity recovered in urine occurred in the first 24 hours. The elimination half-life (t½) of lesinurad was in the order of 5 hours following a single dose and the drug did not accumulate following multiple doses.[@b17-dic-8-212581]--[@b20-dic-8-212581]

Clinical studies of lesinurad
=============================

Lesinurad has been given FDA and EMA approval for combined therapy with a XOI. Pivotal phase III studies that led to regulatory approvals of lesinurad were CLEAR 1 (Combining Lesinurad with Allopurinol Standard of Care in Inadequate Responders) and CLEAR 2, both in combination with allopurinol, and CRYSTAL (Combination Treatment Study in Subjects with Subcutaneous Tophaceous Gout with Lesinurad and Febuxostat), in combination with febuxostat. After completing the core studies, open extension studies with 24 months of follow-up assessed the efficacy and safety of lesinurad in long-term treatment.[@b21-dic-8-212581]--[@b27-dic-8-212581]

Efficacy results from pivotal studies
-------------------------------------

### CLEAR 1 study

A 12-month, multicenter, randomized, double-blind, placebo-controlled phase III study (CLEAR 1) was conducted in the United States to evaluate oral lesinurad (200 or 400 mg/day) plus allopurinol versus placebo plus allopurinol in patients with elevated serum UA concentrations despite allopurinol monotherapy. Included patients were receiving at least 300 mg of allopurinol (200 mg allowed in patients with moderate renal impairment) and had serum UA levels of \>6.5 mg/dL at screening and two or more gout flares during the previous year.[@b21-dic-8-212581] Previously, lesinurad combined with allopurinol has shown superior reductions in serum UA than allopurinol alone in phase I and II trials.[@b4-dic-8-212581],[@b20-dic-8-212581]--[@b22-dic-8-212581]

The primary endpoint in CLEAR 1 was the percentage of patients achieving a serum UA level of \<6.0 mg/dL at month 6. Key secondary endpoints included the mean gout flare rate requiring treatment from month 7 to month 12 and the proportions of subjects with complete resolution of one target tophus at month 12. Safety and tolerability assessments included adverse events (AEs), clinical laboratory data, vital signs, physical examination, and electrocardiogram readings. Safety assessments of particular interest included renal and cardiovascular (CV) events.[@b21-dic-8-212581]

Of 2377 patients evaluated at the screening visit, 607 were double-blind randomized to receive lesinurad 200 mg, lesinurad 400 mg, or placebo in a 1:1:1 ratio in 138 study sites; 603 patients received at least 1 dose of study medication. Patients received gout flare prophylaxis for the first 5 months starting from day 14 of screening randomization.

Study subjects were mostly male (94.0%) and white (76.3%), with a mean ± SD age of 51.90±11.28 years. Patients had longstanding symptomatic gout, with a mean ± SD time since diagnosis of 11.84±9.37 years. Patients were receiving an allopurinol dosage of 306.6±59.58 mg/day. The mean ± SD baseline serum UA level was 6.94±1.27 mg/dL. Demographic data and disease characteristics were similar between treatment groups at baseline.

The proportions of patients achieving a serum UA level of \<6.0 mg/dL by month 6 (the primary endpoint) were 27.9 and 54.2%, in the groups receiving allopurinol alone and lesinurad 200 mg plus allopurinol, respectively. At the primary endpoint, a significant difference was found for patients taking lesinurad 200 mg plus allopurinol as compared with only allopurinol (*p*\<0.0001; [Figure 2](#f2-dic-8-212581){ref-type="fig"}).

From month 1 to month 12, all monthly evaluations showed that the proportion of patients achieving a serum UA target level of \<6.0 mg/dL was superior in both the lesinurad 200 mg plus allopurinol and the lesinurad 400 mg plus allopurinol groups than in the allopurinol-alone group (*p*\<0.0001 for each comparison) ([Figure 3](#f3-dic-8-212581){ref-type="fig"}).

Subgroup analyses based on age, gender, race, baseline serum UA levels, comorbid conditions, renal function, and thiazide diuretic use provided results consistent with those from the primary analysis. The analysis of the key secondary endpoints, including rates of gout flare requiring treatment and complete resolution of tophi, did not demonstrate statistically significant treatment differences between groups along the duration of the 12-month trial. Related to key secondary endpoints, therapy may be needed for more than 12 months for the full effects to be appreciated.

### CLEAR 2 study

CLEAR 2 was a duplicate study to CLEAR 1 conducted in North America, Europe, New Zealand, Australia, and South Africa. In CLEAR 2, of 2199 patients evaluated at the screening visit, 611 were double-blind randomized to lesinurad 200 mg, lesinurad 400 mg, or placebo in a 1:1:1 ratio in 152 study sites; 610 patients received at least 1 dose of study medication. Patients were predominantly male (96.2%) and white (79.0%), with mean (±SD) age 51.2±10.90 years, gout duration 11.5±9.26 years, and baseline serum UA of 6.9±1.2 mg/dL. At baseline, demographics data and disease characteristics were similar between treatment groups.

The proportions of patients achieving a serum UA level of \<6.0 mg/dL by month 6 (the primary endpoint) were 23.3 and 55.4% in the allopurinol-alone and lesinurad 200 mg plus allopurinol group, respectively. A significant difference was found for patients taking lesinurad 200 mg plus allopurinol as compared with allopurinol alone by month 6 (primary endpoint; *p*\<0.0001; [Figure 4](#f4-dic-8-212581){ref-type="fig"}). The difference at the primary endpoint between lesinurad 400 mg plus allopurinol (66.5%) and allopurinol with placebo groups was also significant (*p*\<0.0001).

From month 1 to month 12, proportions of patients achieving the serum UA target were superior in the lesinurad groups compared to allopurinol-alone group at all monthly assessments (*p*\<0.0001, for all comparisons). Mean serum UA levels were lower in both lesinurad plus allopurinol groups versus allopurinol-alone group at all timepoints through 12 months of treatment (*p*\<0.001, for all comparisons) ([Figure 5](#f5-dic-8-212581){ref-type="fig"}).

Regarding secondary endpoints, no statistically significant differences were found in the rates of gout flare requiring treatment or complete resolution of tophi, which occurred at low incidences at baseline and during study. With regard to key secondary endpoints, therapy may be needed for more than 12 months to observe full effects.

### Long-term extension study

Saag and colleagues[@b26-dic-8-212581] assessed the long-term safety and efficacy of lesinurad 200 mg plus allopurinol therapy in subjects enrolled in an extension from core studies CLEAR 1 and CLEAR 2.[@b21-dic-8-212581],[@b23-dic-8-212581]

Efficacy was evaluated in patients completing the core study and either continuing core lesinurad 200 mg plus allopurinol treatment (200 CONT group) or crossing over from core allopurinol alone to lesinurad 200 mg plus allopurinol (200 CROSS group). In the open extension study, 200 CONT group (n=239) receiving treatment for up to 24 months and 200 CROSS group (n=121) receiving treatment for up to 12 months were assessed. Efficacy endpoints included the proportion of subjects with a target serum UA of \<6.0 mg/dL and mean serum UA levels. The proportion of patients with serum UA \<6.0 mg/dL during core and extension can be seen in [Figure 6](#f6-dic-8-212581){ref-type="fig"}. Patients treated with lesinurad 200 mg plus allopurinol throughout 2 years continued to be at serum UA target. Patients crossing from allopurinol monotherapy demonstrated greater numbers that reached target. The safety profile during the extension study[@b26-dic-8-212581] was consistent with that observed in the core studies.[@b21-dic-8-212581],[@b23-dic-8-212581]

### CRYSTAL study

CRYSTAL was a 12-month, phase III, multicenter, randomized, double-blind, placebo-controlled trial conducted to assess the efficacy and safety of lesinurad in combination with febuxostat in patients with tophaceous gout. Previously, a phase Ib clinical trial of lesinurad plus febuxostat showed greater reduction in serum UA levels than febuxostat alone.[@b24-dic-8-212581]

The CRYSTAL study included adult tophaceous patients previously treated or not with a urate-lowering agent. Serum UA levels had to be ≥8.0 mg/dL in subjects not taking urate-lowering agents and ≥6.0 mg/dL in those already receiving urate-lowering therapy. The presence of at least one measurable tophus from 5 to 20 mm in maximal diameter either in the hands or in the feet was required for study entry.

Subjects were randomized 1:1:1 to take placebo plus febuxostat 80 mg, lesinurad 200 mg plus febuxostat 80 mg, or lesinurad 400 mg plus febuxostat 80 mg.

The primary efficacy endpoint was the proportion of subjects in each treatment group with a serum UA level of \<5.0 mg/dL by month 6. The key secondary endpoint was the proportion of patients with total resolution of ≥1 target tophus by month 12. Other endpoints included mean serum UA levels recorded at each visit and the percentage change in total target tophi area. Safety evaluations included AEs, vital signs, clinical laboratory data, physical examination, and electrocardiogram readings. Assessments of particular interest included renal and CV events.

Of 1045 patients assessed at the screening in 102 study sites, 330 were randomized. From these, a total of 324 patients received at least 1 dose of randomized study medication. Subjects were mostly male (95.4%) and white (79.9%), with a mean ± SD age of 54.1±11.0 years. Mean time since gout diagnosis was 14.7±10.9 years. At screening, mean±SD serum UA levels were 8.7±1.6 and 5.3±1.6 mg/dL at baseline (randomization), after 3 weeks of treatment with febuxostat 80 mg. Demographic and baseline disease characteristics were similar between treatment groups.[@b24-dic-8-212581]

The proportion of patients who achieved a serum UA level of \<5.0 mg/dL by month 6 was 46.8% in the febuxostat-alone group and 56.6% in the lesinurad 200 mg plus febuxostat group. The difference was not significant for the lesinurad 200 mg plus febuxostat group versus febuxostat alone (*p*=0.13).

In the prespecified analyses, a subgroup of subjects with serum UA levels of ≥5.0 mg/dL after 3 weeks of therapy with febuxostat (n=161) was included. In this subgroup, 23.5% of patients achieved the target by month 6 with febuxostat treatment alone, compared to 44.1% with lesinurad 200 mg plus febuxostat (*p*=0.024 versus febuxostat alone).

The difference in serum UA levels was not significantly different for the lesinurad 200 mg plus febuxostat group by month 6, but greater treatment effects were observed for this group at all other monthly assessments from month 1 to month 12 (*p*≤0.0281).

The proportion of patients with complete resolution of one or more target tophus was numerically greater in both the lesinurad 200 mg plus febuxostat (25.5%) and lesinurad 400 mg plus febuxostat (30.3%) groups in comparison with the febuxostat group (21.1%); however, the differences were not statistically significant. At month 12, the reductions in target tophi area in the lesinurad 200 mg plus febuxostat and lesinurad 400 mg plus febuxostat groups were 50.1 and 52.9%, respectively, compared with febuxostat alone (28.3%).

In an open extension of the CRYSTAL study, patients continuing on lesinurad plus febuxostat over 2 years continued to be at serum UA target levels, and attenuation of serum UA effect was not observed ([Figure 7](#f7-dic-8-212581){ref-type="fig"}). Subjects demonstrated continued increases in complete resolution of tophi and additional tophi area reduction. In patients continuing core treatment (200 CONT), 59.6% showed complete resolution of ≥1 target tophus ([Figure 8](#f8-dic-8-212581){ref-type="fig"}), with 68.3% reduction in the sum of areas for all target tophi, after 24 months of treatment.[@b24-dic-8-212581]

Safety of lesinurad 200 mg
==========================

Lesinurad 200 mg has shown a good safety profile in these three randomized clinical trials. In CLEAR 1 and CLEAR 2 studies, lesinurad was well tolerated, particularly at the 200 mg dose, and the AE profile was similar to that of allopurinol alone. The most frequent individual AEs in the groups receiving lesinurad 200 mg plus allopurinol and allopurinol alone were upper respiratory tract infection, hypertension, sinusitis, arthralgia, increased blood phosphokinase levels, increased blood creatinine levels, headache, and diarrhea. Most AEs were mild or moderate, and the incidence of serious AEs was comparable across lesinurad 200 mg and placebo.[@b21-dic-8-212581],[@b23-dic-8-212581]

In a renal safety analysis, the incidence of renal-related AEs was comparable in the lesinurad 200 mg plus allopurinol and allopurinol-alone groups, except for higher incidences of predominantly reversible elevations of serum creatinine levels. [Figure 9](#f9-dic-8-212581){ref-type="fig"} shows the proportion of serum creatinine elevations that resolved in CLEAR 1 and CLEAR 2;[@b23-dic-8-212581],[@b26-dic-8-212581] overall results are shown in [Table 2](#t2-dic-8-212581){ref-type="table"}.

Lesinurad causes an increase in renal UA excretion. Potentially, this may provoke microcrystallization in the renal tubules and the urinary system and could manifest as kidney stones or acute UA nephropathy. In these studies, a history of kidney stones was reported globally in 9--14% of patients at baseline. However, a history of kidney stones was not an exclusion criterion. Therefore, patients with a history of kidney stones were permitted entry into the three pivotal studies of lesinurad in combination with a XOI.

In CLEAR 1, kidney stone treatment-emergent adverse effects (TEAEs) were reported in 2.0, 1.0, and 2.5% of patients of the allopurinol monotherapy, lesinurad 200 mg plus allopurinol, and lesinurad 400 mg plus allopurinol groups, respectively. In CLEAR 2, kidney stone TEAEs were reported in 0.5, 0 and 3.0% of patients taking allopurinol monotherapy, lesinurad 200 mg plus allopurinol, and lesinurad 400 mg plus allopurinol, respectively. In CRYSTAL, nephrolithiasis was reported in 3.7, 0.9, and 1.8% of the patients in the febuxostat, lesinurad 200 mg plus febuxostat, and lesinurad 400 mg plus febuxostat groups, respectively. [Table 3](#t3-dic-8-212581){ref-type="table"} shows the rate of kidney stone TEAEs in the three pivotal studies.

Other agents that inhibit URAT1 have been associated with development of nephrolithiasis. The lack of increase in kidney stone numbers during lesinurad therapy in CLEAR 1 and CLEAR 2 studies is potentially related to concomitant use of allopurinol or febuxostat, which reduces serum urate levels, thus reducing the filtered load of UA to the kidney. The timing of lesinurad administration may also have been a factor to the low rate of nephrolithiasis, as once-daily dosing in the morning increases urinary UA at a time when urine volume and urine pH are highest and the potential for UA precipitation is lowest. Few kidney stone TEAEs were also reported during the CRYSTAL study.[@b21-dic-8-212581]--[@b27-dic-8-212581]

CV comorbidities and risk factors were present at baseline in a high proportion of patients, demonstrating the elevated rates of CV disease in patients with gout. The proportions of patients with TEAEs classified as cardiovascular events throughout the studies were low and comparable between groups.[@b21-dic-8-212581],[@b23-dic-8-212581],[@b26-dic-8-212581]

In CRYSTAL, lesinurad was well tolerated at the 200 mg dose. The most common AEs in the lesinurad 200 mg plus febuxostat and febuxostat groups were nasopharyngitis, hypertension, serum creatinine elevation, headache, extremity pain, and back pain. The incidence of overall AEs was higher in the lesinurad 200 mg plus febuxostat group in comparison with febuxostat alone, but most events were mild or moderate. The incidence of serious AEs was comparable across the treatment groups. Most serum creatinine elevations were transient and reversible and resolved by the time of the subsequent assessment without discontinuation of treatment.[@b24-dic-8-212581],[@b27-dic-8-212581]

In these three pivotal studies, there were no substantial differences in vital signs, including blood pressure, between groups. Clinical laboratory test results, including hematology, serum chemistry (except for serum creatinine levels), and urinalysis, demonstrated no significant changes throughout the study of any group.[@b21-dic-8-212581]--[@b27-dic-8-212581]

Therapeutic indications, dosing, and clinical use
=================================================

Lesinurad, in combination with a XOI, is indicated for the adjunctive treatment of hyperuricemia in gout patients (with or without tophi) who have not attained target serum UA levels with an adequate dose of a XOI monotherapy.[@b17-dic-8-212581],[@b18-dic-8-212581]

The recommended dose of lesinurad is 200 mg once daily. Lesinurad should be taken in the morning with food and water, and patients should be instructed to stay well hydrated as both factors influence the pharmacokinetics of the drug (up to 2 L of liquid per day if needed). Lesinurad must be coadministered at the same time as the morning dose of a XOI. If treatment with the XOI is interrupted, then lesinurad administration must also be discontinued. No dose adjustment is needed for renal patients, because only a single daily dose of 200 mg is recommended.[@b17-dic-8-212581],[@b18-dic-8-212581]

As shown for every urate-lowering drug during initiation of therapy, acute gout attacks may also occur after starting therapy with lesinurad. This is considered to be related with the reduction in serum UA levels, resulting in mobilization of urate from tissue deposits. Prophylaxis of gout attacks with colchicine or a nonsteroidal anti-inflammatory drug (NSAID) is recommended during first months (following recommendations) when starting lesinurad therapy. The gout flare should be managed as appropriate for the individual patient and lesinurad does not need to be discontinued because of a gout flare. Continuous therapy with lesinurad diminishes the occurrence of gout attacks.[@b26-dic-8-212581],[@b27-dic-8-212581]

Discussion
==========

Until now, uricosurics have never gone through extensive clinical trials.[@b12-dic-8-212581] We have no data on long-term safety for other medications, although there is empirical evidence based only on expertise. Lesinurad is the first uricosuric with a specifically designed clinical development program.

Lesinurad is a selective inhibitor of UA reabsorption approved for add-on treatment of gout in combination with a XOI for patients who did not achieve target serum UA levels using a XOI alone. Lesinurad was assessed in three randomized, double-blind, placebo-controlled, phase III clinical trials in combination with allopurinol (CLEAR 1 and CLEAR 2) or febuxostat (CRYSTAL) *versus* either XOI alone. The primary endpoint of CLEAR 1 and CLEAR 2 trials was the percentage of patients achieving a serum UA concentration of \<6 mg/dL at month 6, while for CRYSTAL study with the focus on tophaceous gout patients, the primary endpoint was the percentage of patients achieving a serum UA concentration of \<5 mg/dL at month 6.

Serum UA measurement is typically considered a biomarker and an adequate surrogate endpoint in gout management. It is used in daily clinical practice for following the target strategy recommended by numerous guidelines (\<6 mg/dL) (comparable for the measurement of HbA1c in the monitoring of diabetes patients). Clinically relevant outcomes, like flares or tophi, can be difficult to study, as they require trials with larger sample sizes and, as has been shown by other trials, a longer treatment period and patient follow-up. Thus, there are obvious advantages using the evaluation of serum UA as a surrogate endpoint. A long-term sustained reduction in serum UA is regularly associated with a clinically relevant decrease of gout flares and reduction of tophi size and number.[@b1-dic-8-212581]--[@b4-dic-8-212581],[@b11-dic-8-212581]--[@b14-dic-8-212581]

In the CLEAR 1 and CLEAR 2 studies, the proportion of patients who achieved a serum UA level of \<6.0 mg/dL was significantly superior with lesinurad 200 mg plus allopurinol as compared with allopurinol monotherapy (*p*\<0.0001), while in CRYSTAL the proportion of patients who attained a serum UA level of \<5.0 mg/dL by month 6 was superior (although not significant) with lesinurad plus febuxostat versus febuxostat alone. In CLEAR 1 and CLEAR 2 studies, the dose of allopurinol was not fixed but individualized and was adjusted to medically appropriate doses before screening. Then, patients were required to be on stable dose of allopurinol for at least 8 weeks before randomization. Doses of allopurinol in these studies ranged from 200 to 900 mg.

Lesinurad was well tolerated in CLEAR 1, CLEAR 2, and CRYSTAL trials. The overall safety profile of the lesinurad 200 mg orally per day dose was similar to that of allopurinol or febuxostat alone, except for higher rates of reversible elevations of serum creatinine levels. Monotherapy is not recommended due to increased risk of adverse renal events.[@b28-dic-8-212581]

These three randomized, double-blind studies have shown that greater proportions of patients achieved serum UA targets at 6 and 12 months with lesinurad 200 mg plus a XOI compared with each XOI alone. Twelve months is an insufficient time frame to observe statistically significant differences in reduction of flares and tophi, which may be considered a limitation of these trials. However, subsequent extension studies evaluated long-term efficacy and safety up to 24 months with combined therapy, including evaluations of serum UA levels, tophi, and flares. Patients who completed 12 months of treatment in the core CLEAR and CRYSTAL studies were allowed to enroll in their respective uncontrolled extension trials.[@b24-dic-8-212581]--[@b27-dic-8-212581]

The CLEAR and CRYSTAL extension studies demonstrated that patients treated with lesinurad 200 mg plus a XOI for up to 24 months consistently maintained serum UA levels below target. Extension studies also demonstrated continued increases in the rate of complete resolution of tophi, reduction in tophi area, and reduction of gout flares rates. The safety profile during long-term therapy in the extension studies was consistent with that observed in the core trials.[@b25-dic-8-212581]--[@b27-dic-8-212581]

In conclusion, lesinurad was superior to XOI monotherapy in reducing the serum UA concentration under 6 or 5 mg/dL, when added to either allopurinol or febuxostat. The combination of lesinurad with a XOI provides a dual mechanism of action, inhibiting both renal UA reabsorption and urate production. Lesinurad represents an emergent treatment option for gout patients that need additional therapy to get UA target after receiving a XOI. Thus, it can be affirmed that lesinurad may be an effective and overall safe alternative for gout treatment when combined with a XOI.
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![Therapeutic algorithm for patients who do not achieve target serum UA levels with an appropriate dose of a xanthine oxidase inhibitor (XOI). Medically appropriate dose of XOI is recommended for individual patients.](dic-8-212581-g001){#f1-dic-8-212581}

![**CLEAR 1 Study**. Proportion of patients achieving a serum UA level of \<6.0 mg/dL by month 6 (primary endpoint). Difference between lesinurad 200 mg plus allopurinol group (n=140) versus allopurinol plus placebo group (n=149) was significant (*p*\<0.0001).[@b21-dic-8-212581]\
sUA, serum uric acid.](dic-8-212581-g002){#f2-dic-8-212581}

![**CLEAR 1 study**. Serum urate (UA) levels at each study visit throughout 12 months. The mean change from baseline (BL) for the group receiving lesinurad 200 mg plus allopurinol was significant as compared with allopurinol alone (*p*\<0.0001) for each comparison at each timepoint tested. Adapted from Saag et al.[@b21-dic-8-212581]\
UA, uric acid.](dic-8-212581-g003){#f3-dic-8-212581}

![**CLEAR 2 study**. Proportion of patients achieving a serum UA level of \<6.0 mg/dL by month 6 (primary endpoint). Difference between lesinurad 200 mg plus allopurinol group (n=162) versus allopurinol plus placebo group (n=154) was significant (*p*\<0.0001).[@b23-dic-8-212581]\
sUA, serum uric acid.](dic-8-212581-g004){#f4-dic-8-212581}

![**CLEAR 2 study**. Serum urate (UA) levels at each study visit for up to 12 months. Mean change from baseline (BL) for the group receiving lesinurad 200 mg plus allopurinol was significant as compared with allopurinol alone (*p*\<0.0001) at each timepoint. Adapted from Bardin et al.[@b23-dic-8-212581]\
UA, uric acid.](dic-8-212581-g005){#f5-dic-8-212581}

![**Proportion of subjects with serum UA \<6.0 mg/dL during core and extension studies**. Patients continued core lesinurad 200 mg plus allopurinol treatment (200 CONT) or crossed over from core allopurinol alone to lesinurad 200 mg plus allopurinol (200 CROSS). Adapted from Saag et al.[@b26-dic-8-212581]\
ALLO, allopurinol; LESU, lesinurad; PBO, placebo; sUA, serum uric acid.](dic-8-212581-g006){#f6-dic-8-212581}

![**CRYSTAL extension study**. Proportion of subjects with serum UA \<5.0 mg/dL during core and extension studies. Patients continued core lesinurad 200 mg plus febuxostat treatment (200 CONT) or crossed over from core febuxostat alone to lesinurad 200 mg plus febuxostat (200 CROSS).[@b27-dic-8-212581]\
sUA, serum uric acid.](dic-8-212581-g007){#f7-dic-8-212581}

![**Proportion of subjects with complete resolution of ≥1 target tophus in CRYSTAL extension study**. Patients continued core lesinurad 200 mg plus febuxostat treatment (200 CONT) or crossed over from core febuxostat alone to lesinurad 200 mg plus febuxostat (200 CROSS).[@b27-dic-8-212581]](dic-8-212581-g008){#f8-dic-8-212581}

![**Resolution of serum creatinine elevations. A**. Proportion of serum creatinine elevations that resolved in CLEAR 1.[@b24-dic-8-212581] **B**. Proportion of serum creatinine elevations that resolved in European study CLEAR 2.[@b21-dic-8-212581]\
ALLO, allopurinol; LESU, lesinurad; PBO, placebo; sCr, serum creatinine.](dic-8-212581-g009){#f9-dic-8-212581}

###### 

Common causes of drug-induced hyperuricemia.[@b4-dic-8-212581]

  ----------------------------------------------------------------------------------------------------------------------------------
  EthanolCytotoxic drugsThiazide diureticsLoop diureticsCyclosporineEthambutolPyrazinamideAspirin (low dose)LevodopaNicotinic acid
  ----------------------------------------------------------------------------------------------------------------------------------

###### 

Proportion of patients who achieved target serum uric acid levels (\<6 mg/dL) with lesinurad in combination with allopurinol. Pooled data from CLEAR 1 and CLEAR 2. Reproduced from Zurampic et al.[@b17-dic-8-212581]

  Timepoint        Placebo + allopurinol N=407   Lesinurad 200 mg + allopurinol N=405   Lesinurad 200 mg *versus* placebo
  ---------------- ----------------------------- -------------------------------------- -----------------------------------
  Months 4, 5, 6   48 (12%)                      155 (38%)                              0.26 (0.21, 0.32)
  Month 6          104 (26%)                     222 (55%)                              0.29 (0.23, 0.36)
  Month 12         105 (26%)                     203 (50%)                              0.24 (0.18, 0.31)

###### 

Proportion of patients who were reported to suffer kidney stone TEAEs in the pivotal studies of lesinurad.

                              XOI alone \*   Lesinurad 200 + XOI   Lesinurad 400 + XOI
  --------------------------- -------------- --------------------- ---------------------
  **CLEAR 1** (allopurinol)   2.0%           1.0%                  2.5%
  **CLEAR 2** (allopurinol)   0.5%           0%                    3.0%
  **CRYSTAL** (febuxostat)    3.7%           0.9%                  1.8%

TEAEs, treatment-emergent adverse effects; XOI, xanthine oxidase inhibitor.
